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Method of Forming Device Isolation Trench 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a method of 
manufacturing a semiconductor device having device 
isolation regions, and particularly to a method of 
forming device isolation using trenches. 
Description of the Related Art: 

With micro-fabrication of a semiconductor device 
such as a DRAM (Dynamic Access Memory) or the like, 
device isolation other than device isolation carried out 
by conventional selective oxidation has recently been 
performed by an STI (Shallow Trench Isolation) technology 
(refer to Japanese Patent Application Laid-Open No. 2001- 
57382) . The STI technology is intended to embed an 
insulating film such as an oxide film or the like in each 
of trenches defined in a semiconductor substrate such as 
silicon to thereby form a device isolation region. 

However, a sufficient electrical device isolation 
withstand voltage was not necessarily obtained in the 
conventional trench device isolation. The device 
isolation withstand voltage depends on the shortest 
distance of a silicon region extending along each trench 
defined between adjacent devices. However, in order to 
make it possible to increase the distance of the silicon 
region, for example, the depth of each trench is made 
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deep and the distance between the adjacent devices is 
made long. However, the conventional etching technology 
encountered difficulties in forming scaled-down trenches 
deeply with satisfactory control and without damage 
thereto and. had limitations to improvements in isolation 
withstand voltage. 

Therefore, although a technology (see Japanese 
Patent Application Laid-Open No. Hei 5 (1993) -29283) for 
forming trenches different in shape as in obliquely- 
shaped ones, for example is also considered, it 
encounters a difficulty in etching or a difficulty in 
micro-fabrication or scale-down. Further, the application 
of a method of isotropically etching the bottom of each 
trench capacitor over its entirety to thereby widen the 
bottom is also considered. Since, however, an upper 
portion of each trench is also etched in the case of this 
method, it was difficult to enhance device isolation 
characteristics without changing a device active region. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the 
foregoing problems. The present invention aims to form an 
insulating film having an ununiform thickness inside 
trenches defined in a silicon substrate so that only 
trench corner portions of trench bottoms are exposed 
within the trenches, selectively etch the silicon 
substrate from the exposed trench corner portions of the 
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silicon substrate and thereby etch only the trench 
bottoms . 

It is also feasible to deposit the insulating film 
such that the corner portions of the trench bottoms 
become thin, thereafter etch the surface of the 
insulating film and thereby expose the silicon substrate 
at the corner portions of the trench bottoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims 
particularly pointing out and distinctly claiming the 
subject matter which is regarded as the invention, it is 
believed that the invention, the objects and features of 
the invention and further objects, features and 
advantages thereof will be better understood from the 
following description taken in connection with the 
accompanying drawings in which: 

Fig. 1 is a process sectional view for forming a 
trench device isolation region, which is used for 

describing a first embodiment of the present invention; 

Fig. 2 is a process sectional view for forming the 

trench device isolation region, which is used for 

describing the first embodiment of the present invention 

in succession to Fig. 1; 

Fig. 3 is a process sectional view for forming the 
trench device isolation region, which is used for 
describing the first embodiment of the present invention 
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in succession to Fig. 2/ 

Fig. 4 is a process sectional view for forming the 
trench device isolation region, which is used for 
describing the first embodiment of the present invention 
in succession to Fig. 3; 

Fig. 5 is a process sectional view for forming a 
trench device isolation region in an SOI structure, which 
is used for describing a second embodiment of the present 
invention; 

Fig. 6 is a process sectional view for forming the 
trench device isolation region in the SOI structure, 
which is used for describing the second embodiment of the 
present invention in succession to Fig. 5; and 

Fig. 7 is a process sectional view for forming the 
trench device isolation region in the SOI structure, 
which is used for describing the second embodiment of the 
present invention in succession to Fig. 6. 

DETAILED DESCRIPTION OF THE INVENTION 

Preferred embodiments of the present invention will 
hereinafter be described in detail with reference to the 
accompanying drawings . 

The present invention has been made to solve the 
foregoing problems. The present invention intends to form 
an insulating film having an ununiform thickness inside 
trenches defined in a silicon substrate such that only 
trench corner portions of trench bottoms are exposed 
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within the trenches, selectively etch the silicon 
substrate from the exposed trench corner portions of the 
silicon substrate and thereby etch only the trench 
bottoms . 

It is also feasible to deposit the insulating film 
such that the corner portions of the trench bottoms 
become thin, thereafter etch the surface of the 
insulating film and thereby expose the silicon substrate 
at the corner portions of the trench bottoms. 

Figs. 1 through 4 show a first embodiment of the 
present invention. A silicon thermal oxide film 2 of 
about 15nm is formed over the entire surface of a silicon 
substrate 1 according to a process similar to the 
conventional one. A silicon nitride film 3 of about 200nm 
is deposited thereon by a CVD method. Thereafter, 
trenches 4 of 400nm are respectively defined in a device 
isolation region of the silicon substrate by desired 
depths, e.g., in the substrate by a photolithography 
method and a dry etching method (see Fig. 1) . 

Thereafter, a thin silicon oxide film 5 of about 
20nm is deposited over the entire surface by a sputtering 
method or a plasma CVD method. At this time, a sputtering 
film or a CVD oxide film is controlled to a non-conf ormal 
deposition characteristic, so that it can be deposited so 
as to expose trench bottom corner portions alone. For 
example, a TEOS (tetraethylorthsilicate) film formed by a 
plasma CVD method using silane (SiH 4 ) and oxygen (Q 2 ) 
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gases is deteriorated in coverage within each trench and 
hence the film become hard to grow at the trench bottom 
corner portions, so that only the trench bottom corner 
portions can be exposed or thinned (see Fig. 2) . 

When the silicon substrate is not exposed after the 
deposition of the silicon oxide film 5, the deposited 
silicon oxide film may be removed by a wet etching method 
until only the trench bottoms are exposed. Further, the 
exposed silicon substrate at each trench bottom corner 
portion is selectively wet-etched by a solution of 
hydrofluoric nitric acid to isotropically remove the 
silicon substrate 1 at each trench bottom corner portion. 
As a result, trench shapes expanded at the bottoms are 
obtained (see Fig. 3) . 

Net, the silicon oxide film 5 deposited over the 
whole surface of the silicon substrate 1 is removed by 
using a hydrofluoric acid solution and a silicon thermal 
oxide film 6 of about 300nm is formed. Thereafter, a 
silicon oxide film 7 of about 600nm is deposited over the 
whole surface by a CVD method to bury the trenches 4. The 
silicon oxide film 2 and silicon nitride film 3 deposited 
over the silicon substrate 1 are removed by polishing 
through the use of a CMP method. Further, a MOS type 
transistor having a gate oxide film 8, a gate electrode 9 
and source/drain diffusion layers 10, interlayer 
insulating films 11, contact holes 12 and connecting 
wirings 13 are formed by a method perfectly similar to 
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the conventional method (see Fig. 4) . 

According to the first embodiment as described 
above, a silicon substrate exposed at each trench bottom 
corner portion within each of trenches defined in the 
silicon substrate for the purpose of device isolation is 
isotropically etched. Consequently, the shortest distance 
between silicon substrate regions extending along the 
trenches defined between devices can be made long even if 
dry etching similar to the conventional one is used for 
trench formation. As a result, the MOS type transistor 
can be improved in device-isolation withstand voltage. 

Figs. 5 through 7 show a method of manufacturing a 
semiconductor device, according to a second embodiment of 
the present invention. Trench 24 are defined through a 
process perfectly similar to the first embodiment with a 
silicon thermal oxide film 22 and a silicon nitride film 
23 formed on a silicon substrate 21 as masks. A thin 
silicon oxide film 25 is deposited over the whole surface 
of the silicon substrate 21, and silicon at trench bottom 
corner portions is isotropically etched (see Fig. 6) . 

Next, a thermal oxidation process is done to fully 
oxidize the silicon substrate 21 in each active region 
between the adjacent trench bottom corner portions. Thus, 
a resultant silicon thermal oxide film 26 insulates and 
separates the active regions and the silicon substrate 21 
placed therebelow at the trench bottom corner portions. 
Since, at this time, the surface of the silicon substrate 
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21 is covered with the silicon oxide film 25 in the 
neighborhood of the surface in each trench, the thickness 
of the silicon thermal oxide film 2 6 that grows due to 
the oxidation of the silicon substrate 21, becomes 
thinner than the silicon thermal oxide film on each 
exposed surface (see Fig. 6). 

Thereafter, a silicon oxide film 27 is deposited 
over the whole surface by a CVD method, and silicon oxide 
and nitride films 32 and 33 deposited over the silicon 
substrate 21 are removed by a CMP method and an etching 
method. Further, a MOS type transistor having a gate 
oxide film 28, a gate electrode 2 9 and source/drain 
diffusion layers 30, interlayer insulating films 31, 
contact holes 32 and connecting wirings 33 are formed by 
a process similar to the first embodiment (see Fig. 7) . 

According to the second embodiment as described 
above, a silicon substrate exposed at each trench bottom 
corner portion within each of trenches defined in the 
silicon substrate for the purpose of device isolation is 
isotropically etched and thermally oxidized, so that 
active regions and the silicon substrate can be insulated 
and separated from one another. Thus, devices can be 
perfectly separated from one another, and a so-called SOI 
(Silicon on Insulator) structure can be formed in a 
desired region on the silicon substrate. Forming the MOS 
type transistor in the perfectly-separated active region 
enables micro-fabrication, device-to-device high 
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withstanding, speeding up and low power consumption of 
the transistor. 

A silicon substrate is etched from corner portions 
at trench bottoms to increase the volume of each trench 
in a device isolation region, thereby making it possible 
to make long an effective device isolation distance 
between adjacent devices. It is therefore possible to 
enhance device isolation characteristics, i.e., a device 
isolation withstand voltage without impairing device 
micro-fabrication or scale-down. 

While the present invention has been described with 
reference to the illustrative embodiments, this 
description is not intended to be construed in a limiting 
sense. Various modifications of the illustrative 
embodiments, as well as other embodiments of the 
invention, will be apparent to those skilled in the art 
on reference to this description. It is therefore 
contemplated that the appended claims will cover any such 
modifications or embodiments as fall within the true 
scope of the invention. 
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